The HFB method with the Gogny force is used to study the effects of reflection asymmetry at I = Oh on the barriers separating superdeformed and hyperdeformed minima from fission in the 176 W and Yb nuclei. The fission barrier for the HD minimum is reduced by 5 MeV in 176 W when reflection asymmetry is taken into account.
Since the discovery in 1986 of the first superdeformed band in 152 Dy [l] , more than a hundred and fifty superdeformed bands have been observed [2] . The reason for the existence of superdeformed bands are the strong shell effects showing up for prolate shapes with axis ratios near 2:l. One can understand this very easily by looking at the behavior of the energy levels of a deformed harmonic oscillator as a function of deformation (see for instance [3]): they bunch together when the ratio of the harmonic oscillator frecuencies, wl:w, is a rational number giving rise to new energy gaps that favor deformation. For instance, the ratio 2:l favors superdeformed (SD) prolate shapes. A 3:l ratio also yields a bunching of levels that favbrs very extended shapes, the so-called hyperdeformed (HD) shapes. Therefore, one would expect that if many SD bands have been observed there would be also experimental evidence for HD bands but unfortunately such is not the case up to now. One may argue that the preceding argument is based on a pure harmonic oscillator and the spin-orbit coupling might wash out the shell effects giving rise to hyperdeformation. However, there are calculations with the WoodsSaxon potential [4] [7] . In these studies the octupole degree of freedom, i.e. reflection asymmetric shapes, were not t h e n into account.
However, there are studies in the A N 180 [8] at I=O, indicating that octupole deformation plays an important role in stabilizing hyperdeformed minima found in this region. When we extended our high spin studies [6] to include the octupole degree of freedom, we found [9] a substantial lowering of the energy of the nuclear surface in the vicinity of the fission barrier.
The most significant one is that of 176W at I = 70A where a lowering of N 7 MeV is found for shapes with axis ratios of 3.71. The significance of this results becomes clear if one takes into account that in the absence of reflection asymmetry 176 W had a HD minimum (axis ratio 2.2:l) which became yrast at I = 70A and had an outer barrier (i.e. the barrier t o fission) 6.3 MeV high, making it a possible candidate for an experimental search [6] . The lowering in energy due to the octupole degree of freedom means that -the outer barrier may be 'substantially lowered in all these nuclei making it less likely that HD states will be observed.
Our [9] study did not indicate that this was a serious problem in 182 Os.
The most important shortcoming of the Strutinsky method is that the shape of the nucleus has to be characterized in terms of a few parameters. This is not a serious drawback for moderately deformed nuclei, but in the region of very extended shapes in the vicinity of fission, it can be a problem. Therefore, it is particularly desirable here to compare the Strutinsky calculations with HFB studies, in which such shape parameterization restrictions are not present. With this in mind we decided to carry out HFB calculations for 176 W using the Gogny force. Our objectives are to determine if this large lowering in energy is an artifact of the Strutinsky method and also to consider the impact of the onset of fission on the possibility of populating very extended shapes. It is important to consider fission, as the shapes in which this effect is manifest have surface areas that are close to those of two separated spherical fragments.
'Because we wish to study shapes that are extremely elongated, shapes extended to the point that fission occurs, we must use a very large oscillator basis in our HFB calculation (with shells in the x-direction of the order of 30). In principle, one would like to study hyperdeformation at high spins allowing for the possibility of asymmetric shapes. The large basis space needed in this case as well as the number of operators involved in the relevant constraints make such calculations extremely time-consuming, even with present day cornputers [lo] . Therefore we restrict ourselves to uxially symmetric, i.e. I = O h , calculations.
In order to perform calculations in a large basis space a new code has been written. The need for the new code arose from instabilities in the standard calculation of the matrix el+ ments of the force for large values of the harmonic oscillator quantum numbers of the basis -see [13] for details. This code fully implements the HFB method with the Gogny force for axially symmetric systems; including shapes that are reflection asymmetric. The flexibility of the gradient method used in the solution of the HFB equations allows us to handle many constraints such as any multipole operator 0~0 or the asymmetric necking [ll] operator Q n k = exp(-(2 -Z~)~/ U~) . In the calculations the DS1 parameter set of the Gogny force has been used. This set of parameters was fitted to yield a lower surface coefficient a, in seminfinite nuclear matter; giving theoretical fission barriers for 240 Pu and other actinides in very good agreement with the experimental data [12] . Therefore we believe that this set is well suited for the study of very extended shapes. We have performed HFB calculations in the 176 W and 168 Yb nuclei using the ma& quadrupole moment Q2 = z2 -2.(z + g2) as the main constraint. In Fig. 1 Fig. 1 ) has an axis ratio of 2.2 that roughly correspond to the one of the HD solution becoming yrast at I = 70h in the Strutinsky calculation of ref. [6] . The shoulder at Q2 = 60b
(labeled as HD2) has an axis ratio of 2.8 that could be associated to the sec'ond HD minimum seeing in the calculation of ref. 161 , the one that becomes past at I = 76h. For Q 2 values higher than 70b the energy levels off and is lower than the one of curve B indicating that for this range of Q2 the system becomes reflection asymmetric (with p 3 values in the range of 0 to 0.3). Comparing curves A and B we observe that the maximum energy gain due to reflection asymmetry is 4.66 MeV and correspond to Q2 = 95b. This result is in good agreement with the lowering of 6.2 MeV obtained for this nucleus at I = Oh [9] . To better compare our results with the ones of [9] one first has to define the concepts of elongation 772 and necking in q,,k shape parameters for the HFB results where the density is not a sharp one. To this end, we define the HFB shape as the isosurface corresponding t o roughly half density, Le. p = 0.08f77~-~. The region with-Q2 larger than 70b (where reflection asymmetry 'is important) has q2 values in the range 1.0 to 1.3 and q,,k ones in the range -0.14 to -0. In Fig.2 we have plotted the energy as a function of the mass quadrupole moment for 16* Yb. The most important result of this calculation is that in the whole range of Q2 considered the nucleus remains reflection symmetric. In addition to the prolate ground state minimum located at Q2 = 10b there is another, very shallow, minimum at Q2 = 45b with ,& = 1.01, p4 = 0.61 and an axis ratio of 2.5. The shape parameters of this minimum agree quite nicely with the ones of the HD minimum found by Dudek et al.
[4] at high spins. In the same plot we also represent the reflection symmetric two-fragment solution (full squares). This solution has Q4 values much lowers than the one fragment solution in contrast to 1 7 ' W. For instance, in the crossing point at Q2 = 80b the values for Q4 are 62b2
and 34b2 for the one-fragment and two-fragment solutions, respectively. This means that we can force symmetric fission by constraining in Q4. The maximum of this energy curve corresponds to the scission point and is located -25MeV higher in energy than the HD minimum found in our calculation. This barrier energy is 10 MeV larger than iq the 176 W case. If the HD minima were to become yrast at the same spins, we would estimate that it is more likely t o populate the HD minimum of 168 Yb than that of 176 W .
